Summary
The results of a survey of the major pathological conditions encountered in an established breeding colony of common cotton-eared marmosets (Callithrix jacchus) is presented.
265 home-bred and 70 imported wild-caught marmosets were examined. A Heinz body haemolytic anaemia and skeletal muscle myopathy were the most common pathological findings and were considered to be a result of a complex nutritional deficiency involving vitamin E, selenium and protein. Inflammatory disease of the intestinal tract was also a major feature. Chronic colitis was particularly common in older marmosets.
Pneumonia, otitis media, meningitis and brain abscesses were important pathological findings in home-bred marmosets and were commonly associated with bacterial infections, particularly wild-caught animals. The most significant noninfectious disease found in marmoset breeding colonies is 'marmoset wasting disease'. This disease affects animals of all age groups and in our colony is characterized clinically by chronic weight loss, hair loss, muscle atrophy and haemolytic anaemia. A second paper will be published describing marmoset diseases that have been observed in this laboratory when using this species for specific investigations (M. J. Tucker, personal communication).
Materials and methods
Breeding marmosets were accommodated in 2 separate buildings, blocks A and B, each building being managed as a separate entity and serviced by different staff. Adult animals were housed in large metal cages in pairs. Juveniles were housed in groups of approximately 30, with the free run of a large animal room. Rooms were kept at approximately 24°C, with a relative humidity of around 55%.
Although the basic diet provided in both buildings was identical there were differences in detail. Hard boiled egg was given once a week and malt loaf daily was provided as a supplement in block B. The standard diet consisted of a pelle ted balanced food (Beta Diet, BP Nutrition UK Ltd., Stepfield, Witham, Essex), supplemented with apples, bananas, oranges, milk and water. Full details of the design and husbandry at the breeding unit have been given elsewhere (Hiddleston, 1976) .
Management procedures included routine treatment with the anthelmintic levamisole ('Ketrax', ICI) and, at a later stage, autogenous vaccination against Bordetella bronchiseptica and Klebsiella spp. was introduced, along with vaccination against Escherichia coli ('Porcovac', Hoechst) .
Wherever possible, complete clinical examinations, including haematology and clinical chemistry, were carried out prior to death. Normal values of haematology and clinical chemistry parameters have been given elsewhere (Hiddleston, 1976) . All animals presented for necropsy, whether dead or moribund (and subsequently killed with an intraperitoneal injection of pentobarbitone sodium), were given a thorough macroscopic examination.
External surfaces were examined for injury, bone strength was assessed and the degree of muscular wasting, if any, was noted. Routine bacteriological examinations were carried out as necessary. Tissue samples for light microscopical examination were taken from all major organ systems routinely, unless severely autolysed, together with samples of any macroscopic abnormality. All tissues were fixed in 10% neutral buffered or unbuffered formalin, processed routinely, and paraffin wax sections stained with haematoxylin and eosin (HE). Special stains were employed where appropriate. Serum vitamin E values were measured by high pressure liquid chromatography.
Results 335 marmosets were necropsied (Table 1) ,70 being imported wild-caught animals of unknown age and 265 home-bred and from a number of different generations of marmosets. The majority of homebred marmosets examined were either neonate or juvenile. The incidence of the major pathological findings is presented in Table 2 .
Bones and joints. Osteodystrophy, characterized grossly by a softening and increased pliability of bone, was most prevalent in home-bred animals under I year of age. Cortices of long bones were thin and calcification poor. There was no evidence that the osteodystrophy was secondary to renal disease and it was probably nutritional in origin. The anaemia and hypoproteinaemia recorded in some of these animals, if not primary factors, were likely to play important ancillary roles in the pathogenesis of the osteodystrophy.
Circulatory system
The commonest heart lesion recorded was bilateral ventricular dilatation principally in anaemic animals less than 1 year old. The dilatation was probably 271 indicative of an attempt by the heart to increase stroke volume. Although no myocardial necrosis was observed, the absence of myocardial hypertrophy coupled with the dilatation may indicate impaired myocardial function. Myocardial fibrosis and lipofuscinosis were recorded in wild-caught stock with a colony life of over 4 years. Pericarditis was occasionally observed in association with pneumonia, and hydropericardium was recorded in a number of animals with severe anaemia and hypoproteinaemia.
The aorta was not taken routinely for histopathological examination, but, based on an examination of medium-sized arteries in a selection of organs, arterial disease appears to be of little significance.
Respiratory system
Acute fibrinous, lobar pneumonia was a major cause of death in young marmosets. 61 of 71 animals affected were less than 1 year old. Bacteriological results were available from 21 of these animals and showed Bordetella bronchiseptica to be the most important bacterial pathogen. It was isolated from the lungs of 14 animals and Klebsiella spp. from 3. Haemosiderin-containing cells within the alveolar walls were observed in animals with haemolytic anaemia.
Haemopoietic system
A Heinz body haemolytic anaemia was considered to be the commonest cause of death and ill-health in the colony. Home-bred and wild-caught animals of both sexes and with a wide age spectrum were affected. Histopathological examination of the liver and spleen and the finding of excessive erythrophagocytosis and haemosiderosis suggested a haemolytic process in 127 home-bred and 48 wildcaugh t marmosets.
Additional support for this diagnosis was provided by the results of haematology on 94 animals, (Fig. 1 ).
.... . ,. Methaemoglobin values were raised in animals with high Heinz body counts and many of the animals were also leucopaenic.
The presence of normoblasts in the peripheral blood of some anaemic animals suggested an initial bone marrow response, although in cachectic animals the marrow was commonly hypoplastic, with increased haemosiderin deposits. Serum vitamin E values were measured in a small group of clinically healthy marmosets, anaemic marmosets and moribund non-anaemic marmosets (Table 3) . Anaemic marmosets had undetectable serum vitamin E values, whereas clinically healthy marmosets had a mean value of 4'9 pg/ml and Filariasis and trypanosomiasis were rare findings in wild-caught animals.
Endocrine glands
Thyroid. Enlarged thyroids were recorded at necropsy in several animals in the older age groups. Microscopically they showed follicles distended with colloid and lined by a low epithelium compatible with hypoactivity.
Only I case of chronic thyroiditis was found.
Adrenal. A cellular infiltrate was sometimes found at the cortico-medullary junction, especially in wildcaught animals. Some infiltrates consisted of chronic inflammatory cells, with plasma cells prominent, while others were probably composed of haemopoietic elements.
Reproductive system
Few pathological changes were encountered in the reproductive system and this was consistent with the successful breeding of the marmosets. Testicular function was maintained into old age.
Alimentary system
Loss of teeth was prevalent in aged animals and may have predisposed to selection of softer elements in the diet provided, such as fruit, rather than pelle ted food, with possible nutritional imbalance. Mycotic infections involving the tongue and oesophagus (Fig. 2) were an occasional finding in debilitated animals. The morphology and cultural characteristics of the fungi involved were indicative of Candida spp. Gastric lesions were infrequent, although a small number of cases of acute inflammation and ulceration were seen.
Inflammatory disease of the intestinal tract was a major feature of the survey. Chronic inflammation of the colon (Fig. 3) was particularly common in older animals. The small intestine was less commonly involved in chronic enteritis. Attempts to identify a causal bacterial agent from these cases were unsuccessful. Acute inflammation of the small intestine with ulceration was a less frequent finding.
Early in the history of the colony, an outbreak of shigellosis occurred in block B involving wildcaught and home-bred stock, with the loss of 7 animals.
Oedema of the intestinal lamina propria was a common finding in cachectic animals, probably secondary to anaemia and hypoproteinaemia. 
Liver and biliary system
Haemosiderosis involving Kupffer cells and hepatocytes was the most significant histological finding in the livers of both home-bred and wild-caught marmosets (Fig. 4) . Pre-terminal haematological examinations were carried out in a proportion of affected marmosets (Table 4 ). The majority of marmosets examined showed varying degrees of anaemia (decreased haemoglobin values, decreased packed cell volume and decreased red blood cell counts), together with varying numbers of Heinz bodies in red blood cells. Erythrophagocytosis by sinusoidal lining cells was also common in these livers. Canaliculi were often dilated with bile and in the absence of obvious biliary obstruction their appearance suggested increased bile production. Severe fatty change was characteristic of the livers from animals with shigellosis. Chronic inflammation of portal triads was most common in older animals and in some cases was associated with chronic inflammation of the intestinal tract. Severe acute cholecystitis was found in 3 wildcaught marmosets.
The pentastomid parasite found in the liver of one wild-caught marmoset was the nymphal stage of Porocephalus spp.
One case of focal necrosis of the liver due to Tyzzers' disease was recorded.
Livers from marmosets from block B showed a consistently higher glycogen content than those from block A. The vacuolation of the cytoplasm of hepatocytes in paraffin embedded material was sufficiently marked to resemble the glycogenoses. The difference in liver morphology between the 2 groups probably reflects the difference in proffered diet in the 2 blocks.
Pancreas
Pancreatic exocrine atrophy and fibrosis (Fig. 5 ) in wild-caught animals was commonly associated with infestation by the nematode parasite Trichospirura leptostoma.
A non-specific exocrine atrophy with interstitial oedema was common in cachectic animals.
Urinary system
A pigment with the mixed staining properties of haemosiderin and lipofuscin was observed in proximal convoluted tubule cells of kidneys from animals with haemolytic anaemia, but urinary tract disease appeared of little significance in the overall health of the colony.
Brain and ear
Suppurative otitis media and interna were important findings in home-bred marmosets. Spread of infection from the inner ear to the meninges and brain was common (Fig. 6) 
Skeletal muscle
Diffuse myopathic change in skeletal muscle affected 91 home-bred and 25 wild-caught marmosets. Zenker's necrosis, attempts at regeneration, replacement fibrosis and muscle atrophy were common (Fig. 7) and have been described in more detail by Murgatroyd & Chalmers (1980) . Preterminal clinical chemistry values were known in a proportion of affected animals (Table 5 ). Aspartate aminotransferase, creatine kinase and urea values were elevated and total protein and albumin values were decreased. Many of the affected animals showed signs of a haemolytic anaemia and this was the most positive correlation, though not absolute.
There was no evidence that the muscle changes were secondary to peripheral neuropathy. Fig. 7 . Skeletal musclemyopathy. HE X 400.
Discussion
A Heinz body haemolytic anaemia and skeletal muscle myopathy were the most common pathological findings in marmosets in our colony. Spontaneous haemolytic anaemias of unknown origin have been recorded in owl monkeys (Aotus trivirgatus) (Chalifoux, Bronson, Sehgal, Blake & King, 1981 (Ausman & Hayes, 1974; Hayes, 1974) . Experimental induction of vitamin E deficiency in rhesus monkeys (Macaca mulatta) also induced an anaemia and a muscular dystrophy (Dinning & Day, 1957; Porter, Fitch & Dinning, 1962; Fitch et al., 1965) and it was concluded that the anaemia was due to impaired production as well as decreased life span of red blood cells. Skeletal muscle myopathy has also been produced in squirrel monkeys (Saimiri sciureus) by selenium deficient diets (Muth, Weswig, Whanger & Oldfield, 1971) . Nutritional myopathies are of considerable importance in laboratory (Woodward & Montgomery, 1978) and domestic animals (lubb & Kennedy, 1970) . The metabolism of vitamin E and selenium and their interactions with dietary unsaturated fatty acids in Callithrix jacchus are not known. However, it would appear that vitamin E may be implicated in the pathogenesis of the Heinz body haemolytic anaemia and skeletal muscle myopathy in our colony of marmosets. Hiddleston (personal communication) has noted that when vitamin E and selenium were supplemented in the diet the incidence of these conditions has decreased.
Naturally occurring protein deficiency has been described in 6 Callithrix jacchus (Brack & Rothe, 1981) and experimental protein deficiency in Macaca mulatta (Chauhan, Nayak & Ramalingaswami, 1965; Deo, Sood & Ramalingaswami, 1965; Racela, Grady, Higginson & Svoboda, 1966) . Changes found in experimental protein deficiency in Macaca mulatta included acinar atrophy of the pancreas and salivary gland, fatty changes in the liver, skeletal muscle myopathy and a normocytic normochromic anaemia. Marmosets in our colony with haemolytic anaemia and/or skeletal muscle myopathy frequently showed pancreatic acinar atrophy. Marked fatty change in the liver was not a feature, though sinusoidal lining cells distended with neutral fat were prominent in livers showing haemosiderosis. Low total protein and albumin levels were common in debilitated anaemic animals and, in the absence of any consistent evidence of renal or enteric loss, suggest impaired intake of protein and/or impaired hepatic metabolism. Although the diet presented to the marmosets was considered adequate in protein (25%), intake may have been inadequate due to preference for the fruit (Shimwell, Warrington & Fowler, 1979) . 
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Dental deficiencies in older animals may also have exacerbated palatability problems encountered with the hard Beta pellets. The addition of hard boiled egg to the diet in block B may have contributed to the lower incidence of the haemolytic anaemia and skeletal muscle myopathy in this group of marmosets than in block A.
Enteritis, particularly chronic colitis, was a significant pathological finding in the survey. Colitis is commonly encountered in Saguinus oedipus and Saguinus fuscicollis (Richter, Lushbaugh & Swartzendruber, 1980; and a cause of cachexia. The morphological features by which these workers characterized colitis included crypt abscesses, mononuclear cell infiltration of the lamina propria, ulceration of the mucosa and crypt atrophy and these same features were noted in Callithrix jacchus in our series.
Unlike Saguinus oedipus (Lushbaugh, Humason, Swartzendruber, Richter & Gengozian, 1978; , cases of colonic adenocarcinoma were not encountered.
Bacteria were the most important cause of infectious diseases. A variety of bacterial pathogens were identified but Bordetella bronchiseptica and Klebsiella spp. were the most significant and most commonly isolated organisms from cases of pneumonia, otitis media and meningitis. Several reports in the literature (Richart & Benirschke, 1963; King, 1976; Hunt, Anderson & Chalifoux, 1978; Kim & Wolf, 1980) confirm that bacterial diseases are a significant cause of mortality in marmoset colonies. Shigella spp. were cultured in our survey from several marmosets with acute enteritis and Cooper & Needham (1976) have given an account of an outbreak of shigellosis in Callithrix jacchus and Saguinus nigricollis.
Parasitic diseases would appear to be of little significance in an established breeding colony of Callithrix jacchus, whereas in colonies of recently imported marmosets and tamarins (Nelson, Cosgrove & Gengozian, 1966; Deinhardt, Holmes, Devine & Deinhardt, 1967) parasitism was a major cause of mortality. Trichospirura leptostoma has been reported as a cause of chronic fibrosing pancreatitis in Callithrix jacchus (Smith & Chitwood, 1967) and in our study it was found in several imported wild-caught animals in spite of routine anthelmintic treatment.
Fungal diseases were uncommon in our survey and confined to infections of the tongue and oesophagus with Candida spp. in debilitated animals. In one study (Hill, Turton & Bleby, 1978) , Candida albicans was frequently isolated from several regions of the gastrointestinal tract of Callithrix jacchus. It is probable that contact with laboratory technicians may be the source of this infection and that Candida spp. may be secondary invaders.
Viral diseases such as measles (Levy & Mirkovic, 1971) have been shown to cause significant mortality in some marmoset colonies. In a measles epizootic, typical histological changes described included interstitial giant cell pneumonitis. There was no pathological evidence of viral diseases such as measles in the animals examined.
